usable for practical enrichment.
In the present study, salmon roe PL concentrate has been prepared by a solvent partition procedure. Although the solvent partition cannot completely remove NL, this procedure seems to be usable for semiquantitative preparation of 10-100 g (or more) of PL concentrate. This paper reports the preparation process and lipid profile of the salmon roe PL concentrate, and discusses the potential of it as an HUFA enricher of Artemia nauplii.
Experimental 1 Materials
Salted salmon roe called "sujiko" in Japanese were obtained at a food market. TL were extracted from the roe by the method of Bligh and Dyer (4).
Concentration of PL by Solvent Parti-
tions Solvent partition of the salmon roe TL was carried out by the procedure of Galanos and Kapoulas (5) as follows. Solvent system was prepared by equilibrating equal volumes of hexane and 99.5%-ethanol/water (87 : 13, v/v). The salmon roe TL (120 g) dissolved in the hexane phase (540 mL) of the solvent system were contained in a separatory funnel, and mixed thoroughly with the ethanolic phase (180 mL) of the solvent system. The lower layer was run into a second separatory funnel containing fresh pre-equilibrated hexane phase (540 mL) and the two phases were again mixed, after which the lower layer was run off. Fresh ethanolic phase (180 mL) of the solvent system was added to the first funnel, and the above procedure was repeated six times. All of the lower layers (ethanolic layers) and upper layers (hexane layers) were separately combined, and the solvents were evaporated with rotary evaporator.
A portion (30 g) of the ethanolic layer fraction, containing mainly PL, was further subjected to the second solvent partition using the same solvent system as described above. The pre-equilibrated hexane phase contained in two separatory funnels (270 mL in each) and six portions of the ethanolic phase (each 180 mL) were used to obtain the final concentrate of salmon roe PL in the combined ethanolic layers.
3 Lipid Analyses
Lipid classes present in the salmon roe TL and each fraction of the solvent partitions were analyzed by TLC and scanning densitometry based on the method of Olsen and Henderson (6) . After the Silica gel G plates (10 12.5 cm, 0.25 mm thickness; Analtech Inc., Newark, USA) were pre-developed to full length in chloroform to remove impurities, chloroform solutions of lipid samples (5 mg/mL, 0.5-5 mL) were applied to the plates. Lipid standards (0.2-5 mg of each lipid class) were also applied to the same plates for construction of calibration curves. The plates were developed by methyl acetate/2-propanol/chloroform/methanol/0.25% aqueous KCl (25 : 25 : 25 : 10 : 9, by vol) to a distance of 4 cm from origin for separation of polar lipid classes. Following dryness in vacuo for 2 min, the plates were developed by hexane/diethyl ether/acetic acid (90 : 10 : 2, v/v/v) to 7.5 cm from origin for separation of neutral lipid classes. Lipid components were detected by spraying the plates with 10% cupric sulfate in 8% phosphoric acid and by charring at about 150 for 15 min (7) . Quantification was performed on a Shimadzu TLC scanner CS-9000 (Shimadzu Co., Kyoto, Japan).
Major lipid classes of the final concentrate of salmon roe PL were isolated by preparative TLC (8) . A portion (100 mg) of the PL concentrate was applied to two plates of Silicagel 60G (20 20 cm, 0.5 mm thickness; Merck, Darmstadt, Germany), and the plates were developed with a solvent system of methyl acetate/2-propanol/chloroform/methanol/0.25% aqueous KCl (25 : 25 : 25 : 10 : 9, by vol). After spraying with an ethanol solution of 2', 7'-dichlorofluorescein, PL classes were recovered from the absorbent by elution with 200 mL of chloroform/methanol/acetic acid/water (50 : 39 : 1 : 10, by vol), washed subsequently with 67 mL of 4M ammonia. NL recovered from front part of the plates by elution with diethyl ether were separated into NL classes on another Silicagel 60G plate using a solvent system of hexane/diethyl ether/acetic acid (80 : 20 : 1, v/v/v). NL classes were recovered from the absorbents by eluting diethyl ether.
The lipid classes isolated from the PL concentrate were converted to fatty acid methyl esters in 0.5M NaOCH 3 -methanol by heating at 50 for 20 min. The original PL concentrate and a fraction of free fatty acids (FFA) were reacted in 7% BF 3 -methanol at 100 for 60 and 10 min, respectively. Fatty acid methyl esters were analyzed by gas-liquid chromatography (GLC)
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with Shimadzu GC-17A equipped with a flame ionization detector and a Supelcowax 10 capillary column (30 m 0.25 mm i.d., 0.25 mm film thickness; Supelco Inc., Bellefonte, USA). The column temperature was isothermal at 200 , and the injector and detector temperatures were 250 and 260 , respectively. The carrier gas was hydrogen (95 kPa). Peak area percentages were measured with a Shimadzu C-R6A integrator.
3 Results and Discussion 3 1 Preparation of Salmon Roe PL Concentrate The process for preparation of salmon roe PL concentrate is shown in Fig. 1 . The TL content of the salmon roe was 15% on wet weight base. In the first solvent partition (I), the mixture of the pre-equilibrated hexane phase (540 mL) and ethanolic phase (180 mL) clearly separated into two layers, hexane and ethanolic layers. This solvent partition yielded 88.1 g (72.4%) of hexane layer fraction (I) and 33.6 g (27.6%) of ethanolic layer fraction (I). In subsequent second solvent partition (II), at first 90 mL of fresh ethanolic phase was added to the 270 mL of hexane phase containing the first PL concentrate. However, the mixture remained only one phase. Additional 90 mL of the fresh ethanolic phase, i.e., totally 180 mL of ethanolic phase, gave clear separation of hexane and ethanolic layers. This second solvent partition (II) resulted in 29.3 g (98.7%) of ethanolic layer fraction (II) and 0.4 g (1.4%) of hexane layer fraction (II) from 30 g of the ethanolic layer fraction (I). Table 1 shows lipid class compositions of the salmon roe TL and their solvent-partitioned fractions. PL were concentrated in the ethanolic layer fractions obtained by both of the solvent partitions (I) and (II). In the intact salmon roe TL, contents of phosphatidylcholines (PC) and phosphatidylethanolamines (PE) were 20.8 and 1.4%, respectively. Ethanolic layer fraction (I) contained 77.9% of PC and 6.8% of PE. Subsequent solvent partition (II) resulted in ethanolic layer fraction (II) containing 80.0% of PC and 7.0% of PE. In both of the ethanolic layer fractions (I) and (II), phosphatidylinositols (PI) were also found at the concentrations of 5.4 and 5.5%, respectively. In contrast, hexane layer fractions were very high in NL, mainly triacylglycerols (TAG), FFA, and sterols (ST). These results confirm that the solvent partition procedure applied in this study is useful to concentrate PL from salmon roe TL.
Both of the ethanolic layer fractions contained low levels of FFA, ST, and monoacylglycerols (MAG). In the ethanolic layer fraction (I), TAG was also found at low levels. Combined contents of these NL classes were 9.7 and 7.5% in the ethanolic layer fractions (I) and (II), respectively. Christie (9) pointed out that FFA partition fairly equal between the hexane and ethanolic layers. In the present study, ST and MAG were also observed in the both layer fractions. However, the solvent partition (II) could reduce the total NL content to about three fourths of that observed in the first solvent partition (I). Although NL does not completely removed from PL concentrate, repeated solvent partitions seem to be effective in order to decrease concentration of NL.
Compared with the ethanolic layer fraction (I), higher contents of PL classes (PC, PE and PI) were observed in the ethanolic layer fraction (II). Therefore, this fraction was concluded to be the final concentrate of PL in this study. Total PL content was 92.5%. Yield of this concentrate was calculated as 27.2% of TL and 4.1 % of the salmon roe.
2 Fatty Acid Composition of the Salmon
Roe PL Concentrate Fatty acid composition of the final PL concentrate and those of their lipid classes are shown in 
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Major fatty acids in the concentrate present at more than 5% of total fatty acids were 16 : 0 (14.2%), 18 : 0 (12.1%), 18 : 1n-9 (9.6%), IPA (14.2%) and DHA (26.9%). This concentrate was rich in DHA and IPA, and also contained 22 : 5n-3 at the concentration of 3.6% as n-3 HUFA. The content of arachidonic acid (AA) was 2.4%. In PC fraction isolated from the PL concentrate, DHA and IPA were found at concentrations of 29.3 and 13.8%, respectively. The contents of 16 : 0 (16.5%), 18 : 0 (12.0%) and 18 : 1n-9 (9.4%) were also high. In PE fraction, contents of DHA and IPA were 18.2 and 19.3 %, respectively. This fraction also contained 16 : 0 (5.6%), 18 : 0 (18.1%), 18 : 1n-9 (10.3%) and 18 : 1n-7 (6.1%) as the major fatty acids. In PI fraction, AA (30.1%) and 18 : 0 (26.8%) were the most abundant fatty acids. FFA fraction contained 16 : 0, 16 : 1n-7, 18 : 1n-9, 18 : 2n-6, IPA and DHA at more than 5%. MAG fraction was high in 16 : 1n-7, 18 : 1n-9, and DHA. Fatty acid composition of the PL concentrate was similar to that of the PC fraction of it, as expected from high content of PC in this concentrate.
Potential for an HUFA Enricher of
Artemia Nauplii In the present study, PL concentrate of salmon roe was prepared by solvent partition procedure. The PL ) investigated Artemia enrichment diet containing herring roe PL. The experimental diet consisted of herring roe PL (12%) and tuna orbital oil (88%). Feeding on this diet boosted DHA and IPA contents in the Artemia nauplii from 0 and 3.9 mg/g (dry weight base) to 19.4 and 10.8 mg/g, respectively. The ratio of DHA/IPA in the Artemia nauplii was 1.8. This value was similar to those (approximately 2.0) found in yolk of wild fish eggs and in copepods, natural prey of most marine fish larvae (3). The Artemia nauplii enriched with the herring roe PL-containing diet were nutritionally closer to the wild prey than those enriched by herring roe PL-free diets. Furthermore AA content also increased from 1.1 to 3.0 mg/g (dry weight base) in the enriched Artemia nauplii. These levels and ratios of the three fatty acids, DHA, IPA and AA, led to satisfactory (though not necessarily optimal) survival, growth, pigmentation and metamorphosis of turbot larvae (2) . The herring roe PL appeared to be an effective HUFA enricher of Artemia nauplii.
The herring roe PL mixed with tuna orbital oil contained 24.2% of DHA, 7.0% of IPA and 2.0% of AA in total fatty acids (3). DHA, IPA and AA contents in one sample of tuna orbital oil were reported to be 21.4, 5.4 and 1.6 %, respectively (12) . A mixture of the tuna orbital oil (88%) and the PL concentrate of salmon roe obtained in this study (12%) is expected to generate 22.3% of DHA, 6.4 % of IPA and 1.9% of AA in total fatty acids. The levels of the three fatty acids in this mixture are very close to those in the enrichment diet of McEvoy et al. (3) . The PL concentrate of salmon roe prepared by the solvent partition procedure seems to have a potential as an effective HUFA enricher of Artemia nauplii. Therefore, solvent partitions are useful technique for convenient preparation of such fish roe PL concentrate.
